Two field experiments were carried out at Experimental Farm, Fac. Agric., Zagazig University, Egypt to study the influence of potassium fertilization rates (0.0, 25 and 50 kg K 2 O/faddan), humic acid rates (0.0, 1.0, 2.0 and 3.0 ml/l) and their combination treatments on growth parameters, yield components, chemical constituents and glactomanan production of cluster bean plant. These trials were conducted during the 2017 and 2018 summer seasons. Plant height, number of branches and leaves/plant and total dry weight /plant increased significantly by using 50 kg K 2 O /faddan. Also, the highest values of pods number/plant, seed yield /plant and /faddan as well as glactomanan yield/plant and /faddan were achieved with the same rate of potassium. Total chlorophyll content and nitrogen, phosphorus and potassium percentages increased by the highest rate of potassium under study. Moreover, the highest rate of humic acid (3 ml/l) recorded the maximum values of abovementioned parameters compared to the other rates (1.0 and 2.0 ml/l) and control. The present study recommends that using potassium at 50 kg K 2 O /fad. combined with 3 ml/l of humic acid for increasing seeds and glactomanan yields per faddan of cluster bean plants grown under similar field conditions.
INTRODUCTION
Cluster bean (Cyamopsis tetragonoloba, Taub) is hardy and drought tolerant crop having deep root system which enables to utilize the available moisture more efficiently and it belongs to Leguminosae family (Kherawat et al., 2013) . The commercial importance of cluster bean is due to the gum (guaran or galactomanan) that is extracted from the seed and used in food processing, paper manufacturing, pharmaceuticals, and as an emulsifier in drilling muds for the petroleum industry (Whistler and Hymowitz, 1979) . Guar is used as Laxative, antibilious. However, taking cluster bean gum orally with meals was found to lower post-prandial glucose levels in patients with type 1 diabetes (Khare, 2007) .
Potassium (K) is a major plant nutrient, which is needed by the plants in large amount and is supplied by the fertilizers. It is available to the plants in the form of cation (k + ). Actually potassium is essential for a variety of process i.e. photosynthesis, winter hardiness, fruit formation and disease resistance. It stiffens straw and thus reduces lodging and plays an important role in protein formation especially in grain filling (Wiedenhoeft, 2006) . However, Taha et al. (2016) on faba bean, found that the mean values of vegetative growth parameters, pods and seeds fresh weight and N, P, K in plant foliage and seeds were increased significantly with increasing rates of potassium fertilizers.
Humic acid (HA) is a promising natural resource that can be used as an alternative to synthetic fertilizers to improve crop production. Biondi et al. (1994) indicated that it exerts either a direct effect, such as on ISSN:2572-3006(Print)2572-3111(Online) http://www.futurejournals.org membrane permeability and enzymatic activities, or an indirect effect, mainly by changing the soil structure. Mikkelsen (2005) reported that humic acid has a high molecular weight and high complexation ability. In specific, it is found that humic acid application led to a significant increase in soil organic matter which improves plant height and crop production (Magdi et al., 2011) .
The aim of the present study was to investigate the response of growth, yield and some chemical constituents of Cyamopsis tetragonoloba plant to different rates of potassium fertilizer and humic acid under Sharkia Governorate conditions.
MATERIALS AND METHODS
In order to investigate the effect of different rates of potassium fertilization and humic acid on vegetative growth, yield components and chemical constituents as well as glactomanan production of cluster bean, an experiment was conducted using split plot design with three replications in Experimental Farm (Ghazala), Fac. Agric., Zagazig University, Egypt, during two consecutive seasons of 2017 and 2018. Main plots were adopted for potassium fertilization as K 2 O in three rates (0.0, 25 and 50 kg/fad.) and sub plots included foliar fertilizers by humic acid (0.0, 1, 2 and 3 ml/l) and their combinations to consist 12 treatments. Vegetarian humic acid fertilizer (Abo Zaabal Company to Fertilizers) contains 86 % humic acid. Humic acid was added to the plant as foliar spray during the vegetative period in three equal rates after 30, 50 and 70 days from sowing.
Seeds
of cluster bean (Cyamopsis tetragonoloba, Taub.) were obtained from Research Centre of Medicinal and Aromatic Plants, Dokky, Giza and were sown on 18 th May during both seasons. Seeds were sown then immediately irrigated. After three weeks from planting, seedlings were thinned to be two plants per hill. The physical and chemical properties of the experimental soil site are shown in Table 1 , according to Chapman and Pratt (1978) .
The plot area was 3.00 × 7.20 m included six ridges; each ridge was 60 cm apart and three meters in length. The seeds were sown on ridge in hills on one side. The distances between hills were 30 cm. Two ridges (1 st and 6 th ) were for samples to measure vegetative growth and the other ridges were used for yield determination. All plants received normal agricultural practices whenever they needed. All plants were fertilized with nitrogen as ammonium sulphate (20.5%N) at the rate of 200 kg/fad. (4200 m 2 ) as well phosphorus fertilization as calcium super phosphate (15.5% P 2 O 5 ) at the rate of 200 kg/fad. Phosphorus fertilizer was added during soil preparation as a soil dressing application. While, nitrogen and potassium fertilizers were divided into three equal portions and were added to the soil after 35, 55 and 75 days from sowing. The source of K 2 O was potassium sulphate (48 % K 2 O).
Recorded Data
Plant growth parameters: After 105 days from sowing of cluster bean seeds growth parameters were recorded: plant height (cm), number of branches and leaves/plant and total dry weight/plant (g).
Yield components:
Pods of cluster bean were harvested after 150 days of seed sowing and the following data were recorded: number of pods/plant, seed yield/plant (g), seed yield/faddan (kg).
Chemical constituents: Total nitrogen, total phosphorus and potassium percentages in cluster seeds were determined according to Chapman and Pratt (1978) at the end of experiment. Also, total chlorophyll content (SPAD unit) was determined in cluster bean fresh leaves after 105 days from sowing by using SPAD-502 meter as reported by Markwell et al. (1995) .
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Statistical Analysis:
The statistical layout of this experiment was a split-plot experiment in completely randomized block design. Where, potassium fertlization were randomly distributed in the main plots, while humic acid rates were randomly arranged in sub-plots. Each treatment was included 3 replicates. Collected data were analyzed according to Gomez and Gomez (1984). Least significance difference (L.S.D.) was used to differentiate means at the at 5 % level of probability. The means were compared using computer program of Statistix version 9 (Analytical software, 2008). Table 2 indicate that the highest values of plant hieght, number of branches/plant, number of leaves/plant and total dry weight/plant of cluster bean were significantly increased by potassium fertilization rates compared to control (unfertilized plants) in both seasons. Furthermore, potassium fertilization rate at (50 kg K 2 O/fad.), significantly increased vegetative growth parameters of Cyamopsis tetragonoloba plants compared the other one and control during the two seasons.
RESULTS:

Effect of potassium fertilization, humic acid rates and their combinations on vegetative growth parameters of cluster bean
Data in
In addition, humic acid rates significantly increased cluster bean plant height (cm), branch and leaf number per plant and total dry weight per plant (g) compared to control (Table 2) . Moreover, humic acid at the rate of (3 ml/l) recorded higher increase in growth parameters compared with the other treatments under study with significant differences with the other two ones.
The combination between potassium fertilization and humic acid rates showed that the highest values of cluster bean vegetative growth parameters were recorded when the highest potassium fertilization rate (50 kg K 2 O/fad.) was combined with the highest rate of humic acid (Table 2) in both seasons. However, under each treatment of potassium rate plant hieght, number of branches/plant, number of leaves/plant and total dry weight/plant of cluster bean were increased with increasing humic acid rates.
Effect of potassium fertilization, humic acid rates and their combinations on yield components of cluster bean
Increasing of potassium fertilization rate significantly improved the number of pods/plant, seed yield/plant and seed yield/faddan of cluster bean (Table   3 ). The highest values of yield components of cluster bean were recorded with the highest rate of potassium fertilization (50 kg K 2 O /fad.) during both seasons.
It can be noticed that pod number/plant and seed yield/plant as well as seed yield /faddan were increased with increasind humic acid rates and the highest mean values were recorded at the rate of 3 ml/l (Table 3) . Table 3 show the influence of the combination treatments between potassium and humic acid rates on cluster bean yield components. The obtained results showed that number of pods/plant, seed yield/plant and seed yield/faddan were significantly affected by the combination treatments. Results also indicate that the highest values in this regard were observed with application of 50 kg K 2 O/faddan with 3 ml humic acid/l. In contrast, the lowest values were observed with 00 potassium fertilization plus 0.0 humic acid.
Data presented in
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Effect of potassium fertilization, humic acid rates and their combinations on leaves total chlorophyll content and seeds N, P and K percentages of cluster bean
Fertilizing Cyamopsis tetragonoloba plants with 50 kg K 2 O/faddan gave a significant increment in total chlorophyll content in plant leaves and total nitrogen, total phosphorus and potassium percentages in seeds compared to control treatment (Table 4 ). Furthermore, increasing potassium fertilization rates gradually increased abovementioned parameters.
In this connection, Table 4 reveals that fertilizing cluster bean plants with humic acid was the superior treatments concern chemical constituents especially at 3 ml/l and gave the significant increment in comparison with other treatments under study. These results hold true in the first and second seasons.
Combination treatments between potassium fertilization and humic acid (Table 4 ) reveal that potassium fertlilization at 50 kg K 2 O /fad. combined with 3 ml/ l humic acid gave the highest values of N, P and K (%) in seeds and total chlorophyll content in leaves with significant differences with the other combination treatments under study in the both seasons.
Effect of potassium fertilization, humic acid rates and their combinations on glactomanan production of cluster bean
Table 5 indicate that potassium fertilization of cluster bean had significant effect on glactomanan percentage, glactomanan yield/plant (g) and glactomanan yield/fad. (kg) in both seasons. It is clear that potassium sulphate application had a general marked positive trend glactomanan production. In addition, application of 50 kg K 2 O/fad. gave the highest values in this connection in both seasons, respectively. The increase in glactomanan yield/ fad. was about 46.07 and 43.99 % for potassium at 50 kg/ fad. over the control in the first and second seasons, respectively. Table 5 show that the application of humic acid as foliar spray reflected a significant effect on glactomanan production of Cyamopsis tetragonoloba plants in both seasons. However, application of humic acid at 3 ml/l, recorded the maximum values of glactomanan percentage, glactomanan yield/plant and glactomanan yield/fad. compared to control and the other ones under study in both season.
Data in
Application of potassium at the highest rate 50 kg K 2 O / fad. and combined with 3 ml/l humic acid was the superior combination treatment for increasing glactomanan percentage, glactomanan yield/plant and glactomanan yield/fad., in addition, this treatment recorded 132.40 and 133.47 kg/fad. in the 1 st and 2 nd seasons, respectively (Table 5 ). Finally, it could be concluded that, the best combination treatment for increasing glactomanan production was obtained by fertilization of cluster plants with 50 kg K 2 O / fad. and treated of plants with 3 ml /l humic acid.
DISCUSSION:
Effect of potassium fertilization on vegetative growth parameters, yield components, chemical constituents and glactomanan production of cluster bean Consulting the above mentioned results which indicated that all applied potassium fertilization rates gave higher plant hieght, number of cluster bean branches and leaves/plant, seed yield/plant, seed yield/faddan, total chlorophyll content and galctomanan production compared with control with significant differences between them. Potassium fertilizers proved its role in plant metabolism, carbohydrate synthesis, water transport in xylem, cell elongation. Potassium was found to serve a vital role in photosynthesis by direct increasing in growth and leaf area index and hence CO 2 assimilation and increasing the outward translocation of photosynthates (Gardener et al.,1985 and Mengel and Kirkby, 1987). However, Pal et al. 
Effect of humic acid on vegetative growth parameters, yield components, chemical constituents and glactomanan production of cluster bean
In the present study, it was reported that the highest values of cluster bean growth parameters, yield components and chemical constituents as well as glactomanan production were recorded with 3 ml humic acid/l. Humic acid make important contributions to improve soil stability, fertility, improves flower quality that lead to exceptional plant growth and micronutrient uptake which reflected in herb dry weight (Knicker et al., 1993) . This result confirmed the findings reported earlier by Mohammad ( These augmentations may be due to the role of humic acid which is a product contains many elements which improve the soil fertility and increase the availability of nutrient elements by holding them on mineral surfaces and consequently affect plant growth leading to more growth and yielding (Akinci et al.,  2009) . Also, Puttanna et al. (2010) showed that addition of potassium to the soil in the fertilizer form became necessary for obtaining maximum yields. At the end of harvests, exchangeable K in soil was significantly lower as application of K decreased from 100 to 50 and 0 kg per hectare per year. Soil fertility could be maintained and oil yields of rosemary from four harvests could be increased by application of 100 kg K. Moreover, Shafeek et al. (2014) suggested that, hot pepper plants which received 2 g/l of humic acid resulted highest vegetative growth characteristics i.e. plant height, stem number and leaf chlorophyll content and reproductive factors expressed as fruits number and weight per plant as well as total yield / m 2 as well as N percentage values in two seasons.
Effect of combination between potassium fertilization and humic acid rates on vegetative growth parameters, yield components, chemical constituents and glactomanan production of cluster bean
Obtained data in this research suggested that as humic acid rates are increased under any potassium fertilization rate gradually the above mentioned characters are increased. Ahmed et al. (2010) on garlic reported that vegetative growth, yield, quality, storability and N, P, K contents of bulbs and leaves were increased by applying humic acid (HA) or potassium fertilizer (K) and their combinations. Soil application of HA at 5 kg/fad. plus foliar application of 3% K 2 O + 48 kg K 2 O /fad. as soil dressing resulted in the best results in this respect. Furthermore, Radwan and El-Shall (2011) found that the best combination treatment for increasing yield and its components was obtained by fertilization of potato plants with 100 kg K 2 O /fad. and treated of plants with 2 kg /fad. humic acid. Also, Khater and Abd El-Azim (2016) demonstrated that the interaction between chemical fertilizers at 75% from the recommended dose combined with addition of humic acid at 4 kg/feddan gave a significant effect for plant height, number of branches per plant, the fresh and dry weights per plant, seeds yield per plant and per feddan also mucilage content and percentage per plant and per feddan of Plantago psyllium plant. 
